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57) ABSTRACT 
An air sample to be analyzed for carbon monoxide 
and methane is delivered to a chromatograph column 
that is connected by a reactor with a hydrogen flame 
ionization detector. The reactor converts carbon mon 
oxide in the sample into methane. The amount of car 
bon monoxide and methane in the sample is deter 
mined by measuring the electrical conductivity of the 
detector. To measure total hydrocarbons in the in 
pure air being sampled, a stream of the sample air is 
delivered to a conduit communicating with the detec 
tor. When total hydrocarbons are not being detected, 
a stream of pure air is delivered to the conduit contin 
uously to establish a reference point for the analyses. 

8 Claims, 4 Drawing Figures 
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APPARATUS FOR DETERMINING THE CARBON 
MONOXDE, METHANE AND TOTAL 
HYDROCARBONS CONTENT IN AR 

There are several specially constructed gas chro- 5 
matographs on the market for air quality monitoring of 
low parts per million of carbon monoxide methane and 
total hydrocarbons. A conventional gas sampling valve 
and column system are used to separate the carbon 
monoxide and methane from the air sample. Detection 10 
is usually accomplished by using a hydrogen flame ion 
ization detector. Detection of the carbon monoxide is 
possible because a catalytic hydrogenator is employed 
after the separation column in order to convert the car 
bon monoxide to methane. From the standpoint of air 15 
pollution criteria, hydrocarbons other than methane 
which are termed reactive hydrocarbons, are of greater 
importance. In order to monitor total hydrocarbons, 
these special gas chromatographs employ a second gas 
sampling system to deliver a total air sample directly to 20 
the hydrogen flame ionization detector without separa 
tion. Thus, the reactive hydrocarbon level may be de 
termined by difference. 
While that is a relatively simple technique, it does 

have decided disadvantages, particularly at the lowest 25 
concentration levels. It is well recognized by those 
skilled in the art of hydrogen flame ionization detectors 
that, despite the theory of operation, such detectors do 
display some response to inorganic gases, particularly 
oxygen. This does not create a problem with carbon 30 
monoxide and methane because they are chromato 
graphically separated from the air or oxygen peak, but 
the peak for total hydrocarbons is superimposed on the 
air peak and therefore significant errors may result de 
pending upon the amount of oxygen in the sample. 
There are different ways of minimizing this error but 
they are not satisfactory and the effect cannot be elimi 
nated entirely anyway. Furthermore, the requirement 
for a second sampling valve whose sample volume must 
be carefully temperature and pressure controlled in 
volves more complexity and cost. 

It is among the objects of this invention to provide 
apparatus for determining the amount of carbon mon 
oxide and methane and total hydrocarbons in impure 
air, in which total hydrocarbon analysis is independent 45 
of total sample flow, in which a carrier gas is not re 
quired for total hydrocarbon analysis, in which the zero 
level for hydrocarbon analysis is identical to the zero 
level reading of the carbon monoxide and methane 
analysis, in which a semi-continuous pneumatic sam 
pling technique replaces the slug-sampling technique 
for total hydrocarbons, in which one of the sample 
valves and its related parts is replaced by a simple valve 
and back pressure regulator, and in which the analyzer 
is ready for total hydrocarbon analysis at any time in 
the chromatogram between peaks or after all peaks 
have emerged. 
The invention is illustrated in the accompanying 

drawings, in which: 
FIG. 1 is a diagrammatic view of a typical prior art 

analyzer; 
FIG. 2 is a similar view of the apparatus described 

and claimed herein in its normal condition while no 
analysis is being attempted; 65 
FIG. 3 is a fragmentary view showing the position of 

the valves while testing for carbon monoxide and meth- . 
ane; and 
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2 
FIG. 4 is a similar view showing the position of the 

valves during testing for total hydrocarbons. 
Referring to FIG. 1 of the drawings, which shows the 

prior art, a carrier gas such as helium flows from a suit 
able source through a line 1 to a sample valve 2 pro 
vided with a passage 3 that in a first or normal position 
connects it with a line 4 connected with a passage 5 in 
a backflush valve 6. From this passage the carrier gas 
flows through a chromatograph column 7 and a line 8 
to another passage 9 through the same valve and then 
through a second column 10 to a catalytic hydrogena 
tor 11. This reactor, to which hydrogen is delivered 
through a line 12, is for the purpose of converting car 
bon monoxide to methane. The carrier gas leaves the 
reactor and flows through a line 14 to a passage 15 in 
a second sample valve 16 that is connected by a line 17 
to the inlet of a hydrogen flame ionization detector 18 
of conventional construction. Combustion air for the 
detector is obtained through a line 19 from a suitable 
SOCC. 

At the same time that the helium is flowing through 
the two sample valves, impure air that is to be sampled 
is flowing from a suitable source through a line 21 to 
a second passage 22 through the first sample valve 2 
and then through a short tube or loop 23 to a third pas 
sage 24 in the same valve and then out through a line 
25 to a second passage 26 in the second sample valve 
16. The outlet of this passage is connected by a short 
tube or loop 27 with a third passage 28 in the same 
valve, which in turn is connected by a line 29 to the at 
mosphere. Thus, the sample air flows continuously 
through both sample valves at this time while it is being 
by-passed by the carrier gas. 

In order to analyze the air for carbon monoxide and 
methane, the first sample valve 2 is switched to connect 
its first passage 3 with the outlet of the tube loop 23 and 
to connect the inlet of that loop, by way of passage 22, 
with the line 4 leading to the backflush valve 6. This re 
verses the flow through the loop so that the carrier gas 
carries the air sample that is isolated in the loop into 
the line 4 leading to the backflush valve and the col 
umns. At the same time, the third passage 24 in the first 
valve connects the sampling line 21 with the line 25 
leading to the second sample valve 16. The sample car 
ried along through the two columns undergoes separa 
tion in the second column 10 to form carbon monoxide 
and methane, and the monoxide is changed into meth 
ane in the reactor 11. The result is that the measuring 
apparatus, such as a recorder 31, connected with the 
detector 18 indicates the amount of carbon monoxide 
and methane in the sample. The original methane in the 
sample reaches the recorder first, followed immedi 
ately by the methane produced by converting the car 
bon monoxide. . 

To now analyze for total hydrocarbons in the air 
being sampled, the first valve 2 is switched back to its 
original position so that once again only helium flows 
through the columns to the second sample valve 16. 
However, the second valve is shifted to cause its first 
passage 15 to connect the line 14 from the reactor to 
the inlet of the tube loop 27. At the same time, the pas 
sage 28 connects the outlet of the tube loop with the 
line 17 leading to the detector, while the remaining pas 
sage 26 connects the line 25 from the first valve with 
the vented line 29 of valve 16. The helium now carries 
the air sample that was isolated in tube loop 27 directly 
to the detector without the sample going through the 



3 
columns and reactor, so the detector measures total hy 
drocarbons. It will be seen that both measurements are 
of short 'slugs' of air samples from tube loops 23 and 
27. 
Any variation in oxygen content of the air being sam 

pled will change the zero level of the reading so that in 
accurate readings are given. This is avoided with the 
present invention by establishing and maintaining a 
zero level or reference for the reading. This highly de 
sirable result is accomplished by eliminating the second 
sample valve and delivering pure air to the hydrogen 
flame ionization detector at all times except when im 
pure air is being analyzed for total hydrocarbons. Ac 
cordingly, as shown in FIG. 2, although the compo 
nents and the circuit for analyzing for carbon monoxide 
and methane are essentially the same as in the prior art 
illustrated in FIG. 1, the sample normally is vented di 
rectly to atmosphere from a single sample valve, and 
the line leaving the reactor is connected directly with 
the detector, whereby the second sample valve 16 of 
FIG. 1 is eliminated. Sample valve 2, backflush valve 6, 
the two columns 7 and 10, the reactor 11 and detector 
18 are the same as in FIG. 1 and are designated by the 
same reference numerals. 
Testing for carbon monoxide and methane is effected 

in the same way as described above in connection with 
the prior art, but a reference or zero level has been es 
tablished and maintained to avoid the errors of the past 
in measuring total hydrocarbons. To do this, a simple 
four-way valve 40, which may be a solenoid valve, is 
provided with a passage 41 that normally connects a 
line 42 from a suitable source of pure air (constant oxy 
gen content) with a conduit 43 leading to a back pres 
sure regulator 44 and the atmosphere. The regulator 
maintains a constant pressure in the conduit. The con 
duit is provided with a tee 46, one outlet of which is 
connected to an air restrictor, preferably in the form of 
a capillary tube 47, connected to a line 48 between the 
reactor 11 and the sample inlet of the hydrogen flame 
ionization detector 18. Consequently, a constant vol 
ume of air flows at a constant rate into the detector. 
The flow normally is set between 1 and 15 cc per min 
ute, depending on sensitivity and design requirements. 
This pure air therefore establishes a reference for the 
analytical readings. Combustion air for the flame can 
be delivered through a line 49 connected to the pure air 
line upstream from valve 40. With valve 40 in the first 
or normal position just described, another passage 51 
in it connects a line 52 from a suitable source of impure 
air to be sampled with a line 53 that leads to passage 
22 of the sample valve 2 and the sample loop. 
When it is desired to measure carbon monoxide, and 

methane, valve 40 is left as it is shown in FIG. 2 but 
sample valve 2 is shifted to the position shown in FIG. 
3 to connect sample loop 23 with line 4, columns 7 and 
10, reactor 11 and the detector as explained in connec 
tion with FIG. 1. On the other hand, if total hydrocar 
bons in the sample air are to be measured, the valve 2 
is switched back to its FIG, 2 position and valve 40 is 
switched to the position shown in FIG, 4 to shut off the 
flow of pure air to conduit 43 and to connect sample 
air line 52 through passage 41 with conduit 43 leading 
to the capillary and the back pressure regulator. The 
sample air, without the use of a carrier gas, therefore 
flows through the capillary and into the detector, in 
which total hydrocarbons are measured. The zero level 
will be identical to the zero level reading of the carbon 
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4. 
monoxide and methane reading. While this is occur 
ring, the passage 51 through the valve 40 connects line 
42 with line 53 leading to the sample valve so that the 
sample loop 23 will be filled with pure air. This enables 
the pure air to be analyzed in the carbon monoxide and 
methane cycle if desired to make sure that it is really 
pure. Measurement of total hydrocarbons is not limited 
to slug analysis, as it was in the prior art, but can be 
continuous for as long as desired. 

It will be seen from the above description that line 1, 
valve passage 3, loop 23, valve passage 22 and line 4 
constitute first means for delivering a carrier gas with 
an isolated air sample to column 7 as shown in FIG. 3. 
The electrical conductivity of detector 18 is measured 
by a second means 31. Conduit 43 communicates 
through capillary tube 47 with the inlet of the detector 
and a stream of pure air can be delivered to this conduit 
by third means consisting of line 42 and valve passage 
41. To deliver a stream of sample air to conduit 43, 
fourth means formed from line 52 and valve passage 41 
are used as shown in FIG. 4. 
According to the provisions of the patent statutes, we 

have explained the principle of our invention and have 
illustrated and described what we now consider to rep 
resent its best embodiment. However, we desire to have 
it understood that, within the scope of the appended 
claims, the invention may be practiced otherwise than 
as specifically illustrated and described. 
We claim: 
1. Apparatus for determining the amount of carbon 

monoxide and methane and total hydrocarbons in im 
pure air, comprising a chromatograph column for sepa 
rating carbon monoxide and methane from an isolated 
sample of impure air, first means for delivering a car 
rier gas with said isolated air sample to the column, a 
reactor connected with the outlet of the column for 
converting said carbon monoxide into methane, a hy 
drogen flame ionization detector having an inlet con 
nected with the outlet of the reactor, second means for 
measuring the electrical conductivity of said detector 
to indicate the amount of carbon monoxide and meth 
ane in said sample, a conduit communicating with said 
detector inlet, third means for delivering a continuous 
stream of pure air to said conduit while said sample is 
being conducted to the detector, and fourth means for 
selectively delivering a continuous stream of said sam 
ple air to the conduit in place of pure air and said iso 
lated sample to enable the amount of total hydrocar 
bons in the sample air to be measured. 

2. Apparatus according to claim 1, in which said con 
duit includes an air restrictor and an outlet to atmo 
sphere at the upstream side of the restrictor, and a back 
pressure regulator connected with said outlet to main 
tain a constant pressure in said conduit. 
3. Apparatus according to claim 1, in which said first 

means include a tube filled with said air sample, con 
duit means for continuously delivering a carrier gas to 
said column and normally by-passing said tube, and 
means for connecting said tube into said conduit 
eas, 

4. Apparatus according to claim 3, in which said 
fourth means normally delivers the sample air to said 
tube, and said tube normally is vented to atmosphere. 

: 5. Apparatus according to claim 1, in which said third 
means includes a valve provided with a passage con 
necting a source of pure air with said conduit, and said 
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fourth means likewise includes said valve switched to 
a position in which a valve passage connects a source 
of sample air with the conduit. 

6. Apparatus according to claim 5, in which said first 
means include a tube filled with said sample air, con 
duit means for continuously delivering a carrier gas to 
said column and normally by-passing said tube, and 
means for connecting said tube into said conduit 
means, the apparatus including a sample line con 
nected with said tube and connected by said valve with 
said source of sample air while the valve is connecting 
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6 
pure air with said conduit. 

7. Apparatus according to claim 6, in which said 
valve is provided with a passage for connecting said 
source of pure air with said sample line while the valve 
is connecting said source of sample air with said con 
duit. 

8. Apparatus according to claim 6, in which said con 
duit means include a second valve, and said connecting 
means likewise include the second valve switched to a 
position connecting said tube with said conduit means. 
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